Tethering of Pentamethylcyclopentadienyl and N-Heterocycle Stabilized Carbene Ligands by Intramolecular 1,4-Addition to a Polyfluorophenyl Substituent
Hayden P. Thomas Metal complexes of chelating tethered η 5 -cyclopentadienyl-NHC ligands are desirable as catalysts for a number of reactions because of their greater stability, activity and regio-and stereoselectivity compared to complexes of the untethered ligands. 1, 2 Except for two examples of intermolecular functionalization of metal-bound η 5 -cyclopentadienyl ligands, 3 the route to these complexes involves the synthesis of the uncoordinated tethered ligand and subsequent coordination to the metal. Although a number of complexes of similar η 5 -cyclopentadienyl-NHC ligands have been prepared by this route, it is an inconvenient strategy if the synthesis of the desired ligands involves multiple steps, has a low overall yield, and coordination to the metal is compromised by the incompatibility of reagents and functional groups. Linking ligands that are already coordinated to the metal by an intramolecular reaction, as has been demonstrated for a chelating NHCdiphosphine, 4 is an attractive alternative, because intramolecular reactions are faster and cleaner.
We have previously identified intramolecular dehydrofluorinative carbon-carbon coupling as a rapid, highyielding route to η + (L = Lewis basic ligand or moiety) respectively on treatment with proton sponge. However, our attempts to synthesize complexes of tethered η 5 ,κC-cyclopentadienyl-NHC ligands using this route have been unsuccessful:
[ 9 Here we report the formation of a rhodium complex of an η 5 ,κC-cyclopentadienyl-NHC ligand by an intramolecular addition reaction.
Our recent observation of carbon-fluorine bond activation on treatment of [Cp*IrCl 2 (κC-MeNC 3 H 2 NCH 2 C 6 F 5 )] with silver(I) oxide, which decomposes to silver on stirring, 10 prompted us to investigate the reaction of the rhodium analogue, 1. In contrast to the iridium analogue, on addition of silver(I) oxide complex 
Scheme 1. Proposed mechanism of the reaction between 1 and Silver(I) Oxide
Based on the observations and a previously proposed mechanism for similar reactions, 5,12 it is suggested that the reaction proceeds by abstraction of chloride to generate a cation, which increases the acidity of the pentamethylcyclopentadienyl hydrogen atoms. Subsequent loss of a proton in the presence of base generates a 16 electron complex which may be considered as a zwitterion, 12 or an  4 -tetramethylfulvene complex, 13 possessing a nucleophilic methylene carbon atom and a Lewis acidic metal centre. It is possible that there is η 2 coordination of the pentafluorophenyl ring, which would result in a complex satisfying the 18-electron rule and would bring the pentafluorophenyl ring close to the cyclopentadienyl ring, aiding the subsequent addition. A concerted or stepwise 1,4-addition involving nucleophilic attack by the methylene carbon atom and electrophilic attack by the rhodium atom gives the product (Scheme 1).
No intermediates have been observed, but since this is an intramolecular reaction it is expected to be very rapid once the zwitterion is generated. Formation of the zwitterion is expected to be slow because of the different phases of the reactants.
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